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Paper Alert
the sliding clamp (, homologous to PCNA) onto DNA.Chosen by Robert Liddington,1
Christin Frederick,2 Stephen D. Fuller,3 The 2.7/3.0 A˚ crystal structure of  complex reveals a
pentameric arrangement of subunits, with stoichiometryand Sophie Jackson4
1 Program on Cell Adhesion :3: . The C-terminal domains of the subunits form a
circular collar that supports an asymmetric arrangementThe Burnham Institute
10901 North Torrey Pines Road of the N-terminal ATP binding domains of the  motor
and the structurally related domains of the  stator andLa Jolla, California 92037
2 Laboratory of X-ray Crystallography the  wrench. The structure suggests a mechanism by
which the  complex switches between a closed state,Dana-Farber Cancer Institute
44 Binney Street in which the -interacting element of  is hidden by ,
and an open form similar to the crystal structure, inBoston, Massachusetts 02115
3 Division of Structural Biology which  is free to bind to . See also Jeruzalmi et al.
(2001), Cell 106, 417–428.Wellcome Trust Centre for Human Genetics
Henry Wellcome Building for Genomic Medicine
Roosevelt Drive  Reversible lattice repacking illustrates the
Headington, Oxford temperature dependence of macromolecular
OX3 7BN interactions. Douglas H. Juers and Brian W.
United Kingdom Matthews (2001). J. Mol. Biol. 311, 851–862.
4 Department of Chemistry Flash-freezing, which has become routine in macromo-
University of Cambridge lecular X-ray crystallography, causes the crystal to con-
Lensfield Road tract substantially. In the case of Escherichia coli
Cambridge CB2 1EW
-galactosidase, the changes are reversible and are
United Kingdom shown to be due to lattice repacking. On cooling, the
area of the protein surface involved in lattice contacts
increases by 50%. There are substantial alterations in
intermolecular contacts, these changes being domi-
A selection of interesting papers that were published in nated by the long, polar side-chains. For entropic rea-
the month before our press date in major journals most sons such side-chains, as well as surface solvent mole-
likely to report significant results in structural biology, cules, tend to be somewhat disordered at room
protein, and RNA folding. temperature but can form extensive hydrogen-bonded
networks on cooling. Low-temperature density mea-
surements suggest that, at least in some cases, the
 Structure of bovine mitochondrial F1-ATPase beneficial effect of cryosolvents may be due to a density
with nucleotide bound to all three catalytic increase on vitrification, which reduces the volume of
sites: Implications for the mechanism of rotary bulk solvent that needs to be expelled from the crystal.
catalysis. R. Ian Menz, John E. Walker, and Analysis of -galactosidase and several other proteins
Andrew G.W. Leslie (2001). Cell 106, 331–341. suggests that both intramolecular and intermolecular
contact interfaces can be perturbed by cryocooling butThe crystal structure of a novel aluminium fluoride inhib-
that the changes tend to be more dramatic in the latterited form of bovine mitochondrial F1-ATPase has been
case. The temperature dependence of the intermolecu-determined at 2 A˚ resolution. In contrast to all previously
lar interactions suggests that caution may be necessarydetermined structures of the bovine enzyme, all three
in interpreting protein-protein and protein-nucleic acidcatalytic sites are occupied by nucleotide. The subunit
interactions based on low-temperature crystal struc-that did not bind nucleotide in previous structures binds
tures.ADP and sulfate (mimicking phosphate) and adopts a
“half-closed” conformation. This structure probably
represents the posthydrolysis, preproduct release step  Denatured state thermodynamics: Residual
on the catalytic pathway. A catalytic scheme for hydroly- structure, chain stiffness and scaling
sis (and synthesis) at physiological rates and a mecha- factors. Barbara N. Hammack, Christopher R.
nism for the ATP-driven rotation of the  subunit are Smith, and Bruce E. Bowler (2001). J. Mol.
proposed based on the crystal structures of the bovine Biol. 311, 1091–1104.
enzyme. A set of nine variants of yeast iso-1-cytochrome c with
zero or one surface histidine have been engineered such
 Crystal structure of the processivity clamp that the N-terminal amino group is acetylated in vivo.
loader gamma () complex of E. coli DNA N-terminal acetylation has been confirmed by mass
polymerase III. David Jeruzalmi, Mike O’Donnell, spectral analysis of intact and proteolytically digested
and John Kuriyan (2001). Cell 106, 429–441. protein. The histidine-heme loop-forming equilibrium,
under denaturing conditions (3 M guanidine hydrochlo-The  complex, an AAA ATPase, is the bacterial homo-
log of eukaryotic replication factor C (RFC) that loads ride), has been measured by pH titration providing an
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observed p Ka, p Ka(obs), for each variant. N-terminal the 15N-1H heteronuclear single quantum coherence
(HSQC) correlation spectrum as a function of increasingacetylation prevents the N-terminal amino group-heme
binding equilibrium from interfering with measurements concentrations of denaturant showed no evidence for
the population of any equilibrium intermediates, al-of histidine-heme affinity. Significant deviation is ob-
served from the linear dependence of p Ka(obs) on the though negative amplitudes on the blue edge of the
tryptophan emission and loss of intensity of the nativelog of the number of monomers in the loop formed,
expected for a random coil denatured state. The maxi- HSQC correlation peaks were indicative of increased
conformational dynamics at low denaturant concentra-mum histidine-heme affinity occurs for a loop size of 37
monomers. For loop sizes of 37-83 monomers, histidine- tions. The free energy and cooperativity of unfolding as
observed by fluorescence and circular dichroism wereheme p Ka(obs) values are consistent with a scaling
factor of 4.2  0.3. This value is much larger than the in relatively good agreement, also consistent with a
two-state transition. Kinetics measurements of the fluo-scaling factor of 1.5 for a freely jointed random coil,
which is commonly used to represent the conforma- rescence emission as a function of denaturant concen-
tration revealed that P13MTCP1 is the slowest foldingtional properties of protein denatured states. For loop
sizes of 9–22 monomers, chain stiffness is likely respon- -structure protein reported to date. Comparison of the
activation cooperativity values (mf and mu) indicates thatsible for the decreases in histidine-heme affinity relative
to a loop size of 37. The results are discussed in terms the structure of the transition state is quite close to
the folded state in terms of exposed surface area. Theof residual structure and sequence composition effects
on the conformational properties of the denatured states calculated contact order of P13MTCP1 is relatively low and
does not appear to explain its slow rate of folding. Weof proteins.
suggest that the complex topology of this protein, which
would require the ordering of the -barrel through a long Computer-aided design of -sheet peptides.
loop joining the two L-shaped components of the barrel,Manuela Lo´pez de la Paz, Emmanuel Lacroix,
could provide an explanation for this slow folding.Marina Ramı´rez-Alvarado, and Luis Serrano
(2001). J. Mol. Biol. 312, 229–246.
 Structure of the TRFH dimerization domain ofThe design of -sheet proteins is still a challenge in the
the human telomeric proteins TRF1 andfield of de novo protein design. Here, we have tested
TRF2. Louise Fairall, Lynda Chapman, Heidithe validity of automatic design methods to create and/
Moss, Titia de Lange, and Daniela Rhodesor improve -sheet peptides and proteins. We chose
(2001). Mol. Cell 8, 351–361.Betanova, a three-stranded -sheet peptide, as target
system, and, as an automatic design tool, a protein TRF1 and TRF2 are key components of vertebrate telo-
meres. They bind to double-stranded telomeric DNA asdesign algorithm called PERLA (protein engineering ro-
tamer library algorithm). PERLA was used to define both homodimers. Dimerization involves the TRF homology
(TRFH) domain, which also mediates interactions withstabilizing and destabilizing single- and multiple-residue
mutations of Betanova. Conformational analysis by other telomeric proteins. The crystal structures of the
dimerization domains from human TRF1 and TRF2 wereNMR spectroscopy and far-UV circular dichroism (CD)
allowed us to evaluate population differences among determined at 2.9 and 2.2 A˚ resolution, respectively.
Despite a modest sequence identity, the two TRFH do-the set of designed peptides. Some of the new mutants
are approximately 1 kcal/mol more stable than the wild- mains have the same entirely -helical architecture, re-
sembling a twisted horseshoe. The dimerization interfacestype peptide. Comparison of the scale of predicted and
observed stabilities demonstrates that they are in good feature unique interactions that prevent heterodimeriza-
tion. Mutational analysis of TRF1 corroborates the struc-agreement for most peptides studied. Our results show
that automatic design algorithms can be successfully tural data and underscores the importance of the TRFH
domain in dimerization, DNA binding, and telomere lo-applied to the design of -sheet peptides.
calization.
 Characterization of the folding and unfolding
reactions of a small -barrel protein of novel  Crystal structure of the human nuclear cap
binding complex. Catherine Mazza,topology, the MTCP1 oncogene product P13.
Christian Roumestand, Mireille Boyer, Mutsuhito Ohno, Alexandra Segref, Iain W.
Mattaj, and Stephen Cusack (2001). Mol. CellLaurent Guignard, Philippe Barthe, and
Catherine A. Royer (2001). J. Mol. Biol. 312, 247–259. 8, 383–396.
The heterodimeric nuclear cap binding complex (CBC)The equilibrium and kinetic folding properties of a small
oncogene product, P13MTCP1, of novel topology have been binds to 5-capped polymerase II transcripts. It en-
hances the efficiency of several mRNA maturation stepsinvestigated using perturbation by guanidine hydrochlo-
ride and observation by fluorescence, circular dichroism, and is essential for U snRNA nuclear export in multicellu-
lar eukaryotes. The 2 A˚ crystal structure of human CBCand two-dimensional heteronuclear NMR spectroscopy.
The structure of P13MTCP1 is comprised of a canonical shows that the large subunit, CBP80, comprises three
domains, each containing consecutive helical hairpinsfilled -barrel, although the topology of the structure is
absolutely unique, rendering the folding properties of and resembling the so-called MIF4G domain found in
several other proteins involved in RNA metabolism. Thethis protein of great interest. Equilibrium measurements
of the intrinsic fluorescence emission spectrum, the flu- small subunit, CPB20, has an RNP fold and associates
with the second and third domains of CBP80.orescence decay, the circular dichroism spectrum, and
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 Structure of the catalytic core of S. cerevisiae in eukaryotic functional complexes. See also Jeruzalmi
et al., above.DNA polymerase : Implications for
translesion DNA synthesis. Jose Trincao,
Robert E. Johnson, Carlos R. Escalante,  Structure of NaeI–DNA complex reveals dual-
mode DNA recognition and complete dimerSatya Prakash, Louise Prakash, and Aneel K.
Aggarwal (2001). Mol. Cell 8, 417–426. rearrangement. Qing Huai, James D.
Colandene, Michael D. Topal, and HengmingDNA polymerase 	 is unique among eukaryotic polymer-
Ke (2001). Nat. Struct. Biol. 8, 665–669.ases in its proficient ability to replicate through a variety
of distorting DNA lesions. The authors report the crystal NaeI, a novel DNA endonuclease, shows topoisomerase
and recombinase activities when a Lys residue is substi-structure of the catalytic core of S. cerevisiae DNA poly-
merase 	, determined at 2.25 A˚ resolution. The structure tuted for Leu 43. The NaeI–DNA structure demonstrates
that each of the two domains of NaeI recognizes onereveals a novel polydactyl right hand-shaped molecule
with a unique polymerase-associated domain. The fin- molecule of DNA duplex. DNA recognition induces dra-
matic rearrangements: narrowing the binding site of thegers and thumb domains are unusually small and
stubby. In particular, the unexpected absence of helices Topo domain 16 A˚ to grip DNA, widening that of the
Endo domain 8 A˚ to encircle and bend DNA 45
 for“O” and “O1” in the fingers domain suggests that open-
ness of the active site is the critical feature which en- cleavage, and completely rebuilding the homodimer in-
terface. The NaeI–DNA structure presents the first exam-ables DNA polymerase 	 to replicate through DNA le-
sions such as a UV-induced cis-syn thymine-thymine ple of novel recognition of two copies of one DNA se-
quence by two different amino acid sequences and twodimer.
different structural motifs in one polypeptide.
 Crystal structure of a DinB lesion bypass DNA
polymerase catalytic fragment reveals a  Crystal structure of the human ubiquitin
conjugating enzyme complex,classic polymerase catalytic domain. Bo-Lu
Zhou, Janice D. Pata, and Thomas A. Steitz hMms2–hUbc13. Trevor F. Moraes, Ross A.
Edwards, Sean McKenna, Landon Pastushok, Wei(2001). Mol. Cell 8, 427–437.
Xiao, J.N. Mark Glover, and Michael J. EllisonThe UmuC/DinB family of bypass polymerases is re-
(2001). Nat. Struct. Biol. 8, 669–673.sponsible for translesion DNA synthesis and includes
the human polymerases 	, , and . The authors have The ubiquitin conjugating enzyme complex Mms2–
Ubc13 plays a key role in post-replicative DNA repair indetermined the 2.3 A˚ resolution crystal structure of a
catalytic fragment of the DinB homolog (Dbh) polymer- yeast and the NF-B signal transduction pathway in
humans. This complex assembles novel polyubiquitinase from Sulfolobus solfataricus and show that it is non-
processive and can bypass an abasic site. The structure chains onto yet uncharacterized protein targets.The au-
thors report the crystal structure of a complex betweenof the catalytic domain is nearly identical to those of
most other polymerase families. Homology modeling hMms2 (Uev1) and hUbc13 at 1.85 A˚ resolution and
a structure of free hMms2 at 1.9 A˚ resolution. Thesesuggests that there is minimal contact between protein
and DNA, that the nascent base pair binding pocket is structures reveal that the hMms2 monomer undergoes
a localized conformational change upon interaction withquite accessible, and that the enzyme is already in a
closed conformation characteristic of ternary polymer- hUbc13. The nature of the interface provides a physical
basis for the preference of Mms2 for Ubc13 as a partnerase complexes. These observations afford insights into
the sources of low fidelity and low processivity of the over a variety of other structurally similar ubiquitin-con-
jugating enzymes.UmuC/DinB polymerases.
 Atomic structure of the clamp loader small  Structure of the Bacillus subtilis
D-aminopeptidas DppA reveals a novel self-subunit from Pyrococcus furiosus. Takuji
Oyama, Yoshizumi Ishino, Isaac K.O. Cann, compartmentalizing protease. Han Remaut,
Coralie Bompard-Gilles, Colette Goffin, Jean-Sonoko Ishino, and Kosuke Morikawa (2001).
Mol. Cell 8 455–463. Marie Fre`re, and Jozef Van Beeumen (2001). Nat.
Struct. Biol. 8, 674–678.In eukaryotic DNA replication, replication factor-C (RFC)
acts as the clamp loader, which correctly installs the Bacillus subtilis DppA is a binuclear zinc-dependent,
D-specific aminopeptidase. The X-ray structure of thesliding clamp onto DNA strands at replication forks. The
eukaryotic RFC is a complex consisting of one large enzyme has been determined at 2.4 A˚ revealing that
DppA is a new example of a “self-compartmentalizingand four small subunits.The authors have determined
the crystal structure of the clamp loader small subunit protease,” a family of proteolytic complexes, of which
Proteasomes are the most extensively studied represen-(RFCS) from Pyrococcus furiosus. The six subunits, of
which four bind ADP in their canonical nucleotide bind- tatives. The DppA enzyme is composed of identical 30
kDa subunits organized in a decamer with 52 point-ing clefts, assemble into a dimer of semicircular trimers.
The crescent-like architecture of each subunit formed group symmetry. A 20 A˚ wide channel runs through the
complex, giving access to a central chamber holdingby the three domains resembles that of the  subunit
of the E. coli clamp loader. The trimeric architecture the active sites. The structure shows DppA to be a proto-
type of a new family of metalloaminopeptidases charac-of archaeal RFCS, with its mobile N-terminal domains,
involves intersubunit interactions that may be conserved terized by the SXDXEG key sequence.
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 The crystal structure of MarR, a regulator of ture of pSRII exhibits a largely unbent conformation of
the retinal (as compared with bacteriorhodopsin andmultiple antibiotic resistance, at 2.3 A˚
resolution. Michael N. Alekshun, Stuart B. Levy, halorhodopsin), a hydroxyl group of Thr-204 in the vicin-
ity of the Schiff base, and an outward orientation of theTanya R. Mealy, Barbara A. Seaton, and
James F. Head (2001). Nat. Struct. Biol. 8, guanidinium group of Arg-72. Furthermore, the structure
reveals a putative chloride ion that is coupled to the710–714.
Schiff base by means of a hydrogen-bond network and aMarR is a regulator of multiple antibiotic resistance in
unique, positively charged surface patch for a probableEscherichia coli. It is the prototypical member of the
interaction with HtrII. (See Luecke et al., below.)MarR family of regulatory proteins found in bacteria and
archaea that play important roles in the development
 Crystal structure of a carbon monoxideof antibiotic resistance, a global health problem. The
dehydrogenase reveals a [Ni-4Fe-5S]authors describe the crystal structure of the MarR pro-
cluster. Holger Dobbek, Vitali Svetlitchny, Lothartein, determined at a resolution of 2.3 A˚. This is the first
Gremer, Robert Huber, and Ortwin Meyerreported crystal structure of a member of this newly
(2001). Science 293, 1281–1285.described protein family. The structure shows MarR as
a dimer with each subunit containing a winged-helix The homodimeric nickel-containing CO dehydrogenase
from the anaerobic bacterium Carboxydothermus hy-DNA binding motif.
drogenoformans catalyzes the oxidation of CO to CO2.
A crystal structure of the reduced enzyme has been Folding of malate dehydrogenase inside the
GroEL-GroES cavity. J.W. Chen, S. Walter, solved at 1.6 angstrom resolution. This structure repre-
sents the prototype for Ni-containing CO dehydroge-A.L. Horwich, and D.L. Smith (2001). Nat. Struct.
Biol. 8, 721–728. nases from anaerobic bacteria and archaea. It contains
five metal clusters of which clusters B, B, and a subunit-The chaperonin GroEL binds nonnative substrate pro-
bridging, surface-exposed cluster D are cubane-typetein in the hydrophobic central cavity of an open ring.
[4Fe-4S] clusters. The active-site clusters C and C areATP and GroES binding to the same ring converts this
novel, asymmetric [Ni-4Fe-5S] clusters. Their integral Nicavity into an encapsulated, hydrophilic chamber that
ion, which is the likely site of CO oxidation, is coordi-mediates productive folding. A “rack” mechanism of
nated by four sulfur ligands with square planar ge-initial protein unfolding proposes that, upon GroES and
ometry.ATP binding, the polypeptide is stretched between the
binding sites on the twisting apical domains of GroEL
 Crystal structure of sensory rhodopsin II atbefore complete release into the chamber. Here, the
2.4 angstroms: Insights into color tuningstructure of malate dehydrogenase (MDH) subunit dur-
and transducer interaction. Hartmut Luecke,ing folding is monitored by deuterium exchange, peptic
Brigitte Schobert, Janos K. Lanyi, Elena N.fragment production, and mass spectrometry. When bound
Spudich, and John L. Spudich (2001). Scienceto GroEL, MDH exhibits a core of partially protected
293, 1499–1503.secondary structure that is only modestly deprotected
upon ATP and GroES binding. Moreover, deprotection The authors report the structure of a sensory member of
the microbial rhodopsin family, the phototaxis receptoris broadly distributed throughout MDH, suggesting that
it results from breaking hydrogen bonds between MDH sensory rhodopsin II (NpSRII), which mediates blue-light
avoidance by the haloarchaeon Natronobacterium pha-and the cavity wall or global destabilization, as opposed
to forced mechanical unfolding. raonis. The 2.4 angstrom structure reveals features re-
sponsible for the 70- to 80-nanometer blue shift of its
absorption maximum relative to those of haloarchaeal X-ray structure of sensory rhodopsin II at 2.1-A˚
resolution. Antoine Royant, Peter Nollert, Karl transport rhodopsins, as well as structural differences
due to its sensory, as opposed to transport, function.Edman, Richard Neutze, Ehud M. Landau, Eva
Pebay-Peyroula, and Javier Navarro (2001). Proc. Multiple factors appear to account for the spectral tun-
ing difference with respect to bacteriorhodopsin: (i) re-Natl. Acad. Sci. USA 98, 10131-10136. Published
online before print as 10.1073/pnas.181203898. positioning of the guanidinium group of arginine 72, a
residue that interacts with the counterion to the retinyli-Sensory rhodopsins (SRs) belong to a subfamily of hep-
dene protonated Schiff base; (ii) rearrangement of thetahelical transmembrane proteins containing a retinal
protein near the retinal ring; and (iii) changes in tilt andchromophore. These photoreceptors mediate the cas-
slant of the retinal polyene chain. Inspection of the sur-cade of vision in animal eyes and phototaxis in archae-
face topography reveals an exposed polar residue, tyro-bacteria and unicellular flagellated algae. The two
sine 199, not present in bacteriorhodopsin, in the middlearchaebacterial sensory rhodopsins SRI and SRII are
of the membrane bilayer, which might interact with thecoupled to the membrane-bound HtrI and HtrII trans-
adjacent helices of the cognate NpSRII transducerducer proteins. Activation of these proteins initiates
NpHtrII.phosphorylation cascades that modulate the flagellar
motors, resulting in either attractant (SRI) or repellent
(SRII) phototaxis. The authors present the X-ray struc-
ture of SRII from Natronobacterium pharaonis (pSRII) at
2.1-A˚ resolution, revealing a unique molecular architec-
ture of the retinal-binding pocket. In particular, the struc-
